Soil Environ. 37(2): xx-xx, 2018
DOI:10.25252/SE/18/61522

Online ISSN: 2075-1141
Print ISSN: 2074-9546

Wheat (Triticum aestivum L.) growth promotion by halo-tolerant PGPR-consortium
1

Lubna Rajput1,2, Asma Imran1*, Fathia Mubeen1 and Fauzia Y. Hafeez1,3
National Institute for Biotechnology and Genetic Engineering (NIBGE), Jhang Road, Faisalabad, Pakistan
2
Plant Physiology Section, Agriculture Research Institute, Tandojam, Pakistan
3
Department of Biosciences, COMSATS Institute of Information Technology, Chak Shahzad Campus,
Islamabad, Pakistan

Abstract
Salinity is among the major environmental factors that significantly affects the global crop production.
Inoculation with plant growth promoting rhizobacteria (PGPR) increases crop productivity because PGPR convert
the un-available forms of nutrients to plant-available form. With the aim to develop saline-soil specific biofertilizer,
bacteria were isolated from rhizosphere of wheat grown in saline soil (EC 7.63 dSm.-1). Of total 21, eight bacteria
showed halophilic (up to 65g L-1 NaCl), and four showed alkaliphilic (up to pH 9.5) trait; 12 isolates produced
indole-3-acetic acid (411.5-9.33 mg L-1), 15 bacterial isolates solubilized inorganic tri-calcium phosphate (17.5-6.7
mg L-1), 14 isolates exhibited ACC-deaminase activity, and only one isolate solubilized the insoluble ZnO. A
consortium of three potential PGPR strains (SAL-12, SAL-17, SAL-21; having multiple PGP traits) was tested for
two years in laboratory and field experiments for wheat productivity with half dose of chemical fertilizer (NPK)
under induced and natural salinity. The comparison of results with a non-halophilic wheat inoculum (BioPower
containing Azospirillum and Pseudomonas spp.) indicated that both halo-tolerant and non-halo tolerant PGPRconsortia with reduced fertilizer dose have potential to increase the growth and yield of wheat in saline conditions.
The relative increase in yield induced by halo-tolerant consortia was however, significantly better as compared to
non-halo-tolerant PGPR inoculum that may be attributed to salt tolerance potential and stable PGP activities of
PGPR indigenous to stressed environment. The study suggests using eco-friendly, cost-effective PGPRbiofertilization (inoculation) technology for wheat productivity in saline environments with reduced application of
chemical fertilizers.
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Introduction
The presence of excessive salts (especially sodium) in
soils induces ionic, osmotic and oxidative stress in plants.
Salinity inhibits seed germination (Singh et al., 2008;
Goswami et al., 2014), respiration, cytosolic protein
production (legheamoglobin), shoot dry weight, shoot-N
contents, and photosynthetic activity of the plant (Borucki
and Sujkowska, 2008; Abd-Alla, 2014).
Indigenous micro flora of salt affected soils contains
mechanisms to overcome and combat with the salt (Mayak,
2004; Orhan, 2016). They contain the enzyme ACC
deaminase which hydrolyzes the ethylene precursor ACC to
ammonia and α-ketobutyrate (Glick et al.,1998; Arshad et
al. (2007) and results in reduced endogenous ethylene
ultimately stimulating the root development (Hirsch and
Fang, 1994) and plant growth (Nakbanpote et al., 2014)
Bacteria from salt-stressed environment may contain plant
beneficial traits e.g., nitrogen fixation (Nakbanpote et al.,
2014), production of plant hormones (Bilal et al., 1990;
Malik et al., 1991), and solubilization of phosphate
compounds (Srinivasan et al., 2012; Soni et al., 2013).
Inoculation with these plant growths promoting

rhizobacteria (PGPR) promotes growth and yield of
different crops in a range of environmental and ecological
conditions (Zhang et al., 2012) even under salt stress
(Rajput et al., 2013; Singh and Jha, 2016).
Being in arid to semi-arid climatic zones, Pakistani
soils are prone to salinity. Salinized area is increasing at the
rate of 10% annually due to various reasons and multiple
factors (Rengasamy, 2006). It has been estimated that more
than 50% of the arable land would be salinized by the year
2050 (Jamil et al., 2011). Rapidly growing population,
urbanization, continuous reduction in the agricultural land,
constant decrease in soil fertility urgently need to devise
feasible strategies for converting saline lands into
economically viable entities. Salt tolerant crop varieties are
practical solution for saline agriculture, but it requires a lot
of time, input and investment for variety development
(Dwivedi et al., 2010). On the other hand, induction of salttolerance by biofertilization of crops with salt-tolerant
bacteria is an integrated and cost-effective solution to the
salinity (Egamberdieva et al., 2013). Rhizosphere
microbiome has direct impact on overall plant growth, yield
and sustenance so this microbiome can be manipulated for
introduction of salt tolerance in crops (Yadav et al., 2017).
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Keeping in view the increasing problem of salinity, our aim
was to formulate a halophilic microbial inoculum for
sustaining the wheat yield under salinity as wheat is the
staple crop of Pakistan and moderately sensitive to salinity.
We have identified salt tolerant PGPR that confer salt
tolerance in wheat on one hand and promote its growth on
the other hand with lesser input of chemical fertilizer. The
results indicate the growth promoting potential of a “dualpurpose PGPR-consortium” based on halo tolerant
Aeromonas species which may be introduced as saline
biofertilizer as an integrated solution for crop (wheat)farming in the emerging saline lands of the country with
less reliance on chemical fertilizers.

Materials and Methods
Bacterial isolation, growth and salt tolerance
Wheat plants growing at Biosaline Research Station-II
(BSRS-II) Pakka Anna (31°24/ N and 73o05/E) were
carefully uprooted and rhizosphere soil tightly adhering to
the root was removed. Bacteria were isolated from soil by
serial dilution plating as described by Somasegaran and
Hoben (1994). Twenty-one colonies were tested for salt
tolerance by growing in LB-broth supplemented with 100600 mM NaCl concentration at 28±2oC for 4 days. Growth
was confirmed by taking the culture OD at 660. Extreme salt
tolerance was checked onto halophilic agar medium
(containing 65g L-1 salt) plates as described by Akhtar et al.
(2008).

Physiological & Biochemical Characterization
Colony morphology, gum production, cell morphology,
motility, acid/alkali production, reaction for aminopeptidase, cytochrome oxidase and catalase enzymes as
well as intrinsic antibiotic resistance pattern were checked
as described in detail earlier (Imran et al., 2015). Extreme
tolerance to alkali was tested on solid alkaliphilic medium
as described by Akhtar et al. (2008). Gram’s staining was
done following the Vincent (1970).

Bioassays for plant growth promoting traits
Nitrogenase activity of bacteria was checked through
acetylene reduction assay (Hardy et al., 1973) in semi-solid
NFM medium using a Gas Chromatograph (Thermoquest,
Trace GC, Model K, Rodon Milan, Italy) equipped with a
hydrogen flame ionization detector (FID). Activity was
measured and expressed in ƞmol of ethylene formed per
hour as described by Park et al. (2005)
For IAA production, bacteria were grown in LB-broth
(both with and without salt) supplemented with 100 mg L-1
tryptophan. The IAA was detected by colorimetric method
(Gordon and Weber, 1951) and quantified by ethyl acetate
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extraction method (Tien et al., 1979) using HPLC (Perkin
Elmer, USA).
P-solubilization was checked by spot inoculation onto
Pikoviskaya’s agar while quantification was carried out in
Pikoviskaya’s broth by Phospho-molybdate blue color
method (Murphy and Riley, 1962) using spectrophotometer
(Camspec M350). Zinc solubilization was tested by spot
inoculation on LGI medium (Cavalcante and Döbereiner,
1988) supplemented with 0.1% zinc oxide.
The ACC-Deaminase activity was checked in
Dworkin–Foster (DF) minimal-salt medium (Dworkin and
Foster, 1958) containing 0.5M ACC as sole nitrogen source
at different concentrations of salt (100-600 mM).

Identification of potential halo-tolerant PGPR
Genomic DNA was extracted from bacterial strains
SAL-12, SAL-17 and SAL-21 using standard procedure
(Maniatis et al., 1982) and used to amplify the 16S rRNA
gene with primers P1 / P6 using conditions as described
earlier (Tan et al., 1997). The amplified products were got
sequenced commercially from Macrogen (Korea). The gene
sequence was analyzed using sequence scanner software
package; compared with others in the GenBank database
using the NCBI BLAST (Altschul et al., 1990). The
sequences were submitted to the database and the accession
numbers were obtained.

Plant inoculation assays
Formulation of PGPR
experimental set-up

consortium

and

As the PGPR obtained from BSRS-II contain variable
potential for salt tolerance and a range of different plant
growth promoting properties, hence, a consortium was
formulated containing potential strains (SAL-12, SAL-16,
SAL-17) after confirming compatibility by standard wellcut method (Chin et al., 2001). The bacterial strains were
grown in LB broth up to an OD of 0.45, cells were
harvested by centrifugation, mixed (1:1:1 ratio) in 0.85%
saline to get a consortium of halo-tolerant bacteria (PGPRconsortium) for plant inoculation.
Two pot experiments were designed in completely
randomized design (CRD) with a moderately salt tolerant
wheat variety TJ-83. Surface sterilized seeds were
germinated on water agar (1%) in dark at 20±2°C and
transplanted to pots after 3 days of germination.

Pot experiment 1
To evaluate the effect of induced salinity on the early
seedling and vegetative growth, the experiment was
conducted in sterile salinized sand as described by Rajput et
al. (2013). One mL of inoculum was applied at the base of
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seedling after 2 days of transplantation. Inoculated plants
vegetated in non-salinized sand served as positive while
non-inoculated plant vegetated in salinized sand served as
negative controls. The plants were maintained in growth
room, watered with Hoagland (Hoagland and Arnon, 1950)
solution as per requirement and harvested 45 days after
germination. Four replicates were maintained per treatment.
Data regarding morphological traits were recorded and
compared to the positive and negative controls.

following rate i.e., phosphorus 90 kg ha-1 and potassium 60 kg
ha-1. In full N control 170 kg ha-1 Urea was added while in ½ N
plots 85 kg ha-1 was added. Seed was coated with bacterial
inoculum using filter mud as carrier material and sown @ 75
kg seeds / ha. The crop was irrigated with brackish water three
times during whole season. Data on morphological and yield
traits were recorded at maturity (130 days after planting). Five
plants were taken from 1 m2 of each replicate plot to estimate
the data and means were calculated.

Root colonization was analyzed by fluorescent staining
with acridine orange at 7th day post inoculation. The plants
were carefully up-rooted; roots were cut in to smaller
sections, placed on glass slide and stained for 10 minutes
with dye (0.1 mg mL-1 distilled water). The stained roots
were washed and observed under confocal laser scanning
microscope (Fluo view, FV 1000, Olympus) using argon
ion laser line at 502-525 nm. The images were captured and
processed using FluoView software (Olympus).

Statistical analysis

Pot experiment 2
This experiment was set up to evaluate the Psolubilization potential of bacteria in vitro. The set up was
like pot experiment 1. Sterilized sand (450 g) was
thoroughly mixed (5-times) with 3g tri-calcium phosphate
(dissolved in 10 mL water). The sand was dried and mixed
aseptically and filled in pots. Three days old germinated
seedlings were transplanted to pots. Plants were maintained
in growth room, watered with Hoagland solution and
harvested 45 days after germination. Plants without
bacterial-inoculation and without TCP (phosphorus) were
used as negative control. Plants were maintained in growth
room, watered with Hoagland (Hoagland and Arnon, 1950)
solution as per requirement and harvested 45 days after
germination. Four replicates were maintained per treatment.
Data regarding morphological traits were recorded and
compared to the positive and negative controls.

Field experiment
On-site field evaluation of PGPR consortium was
conducted for two consecutive years at BSRS-II. The
experiments were laid out in randomized complete bock
design (RCBD) in 25m2 plots with three replications each. The
evaluated treatments were: Full NPK (Full fertilizer control),
Half NPK (Half fertilizer control), BioPower + ½ NPK (nonhalophilic PGPR inoculum control congaing Azospirillum and
Pseudomonas spp.), PGPR-consortium + ½ NPK (halo
tolerant PGPR consortium). Fertilizer recommendation for
variety TJ-83 is 3 bags DAP (in three split doses), 2 bags SSP
(before sowing) and seed rate is 50 kg ha-1 in normal soil (Kazi
et al., 2016). Because this was degraded saline soil with poor
fertility, so fertilizer DAP and potassium (Engro Chemicals,
Pakistan) were added during the field preparation as per

In vitro quantification studies on salt tolerance, Psolubilization, nitrogenase activity and IAA production were
carried out with three independent replicates and means were
calculated. The data was averaged over 4 replicates (from pots)
and three replicates (field) and subjected to analysis of
variance (ANOVA) using MSTAT-C. Significance was
measured at LSD 0.05. Regression and correlation was
performed using SPSS (Version 17).

Results and Discussion
Ever increasing saline ecosystems have drastically
reduced plant growth and crop yield (Ahmad et al., 2010;
Ashraf et al., 2012). The development of halophytes (through
breeding or genetic engineering) remains mostly unsuccessful
due to the genetic and physiological complexity of the salt
tolerance trait (Araus et al., 2008; Dwivedi et al., 2010). The
PGPR mediated plant’s salinity tolerance is a well-known
phenomenon (Glick, 2005; Lugtenberg and Kamilova, 2009;
Pliego et al., 2011; Egamberdieva et al., 2013) and offers
economically practicable approach for combating salinity at
large scale.
The present study was conducted with the aim to screen
the bacterial population present in the rhizosphere of wheat so
that a “dual-purpose PGPR inoculum” may be developed to be
used in salt effected soils of Pakistan for growing wheat.

Isolation and characterization of halo-tolerant
bacteria
Twenty-one bacterial isolates were obtained from
wheat rhizosphere with variable potential for salt and pH
tolerance. The bacterial isolates showed variable no. of cells
(cfu) in salinized medium (Figure 1A). Morphophysiological characteristics (Table S1) showed variable
characters regarding Gram‘s reaction, acid production,
catalase and oxidase reaction, motility and cell/colony
morphologies. This heterogeneity of bacterial population
from a single host may be attributed to the soil conditions
(especially salt) which plays a vital role in shaping the
structure and activities of rhizo-microbiome (Ofek et al.,
2006) as it influences the quantity and/or quality of root
exudates
(Nelson
and
Mele,
2007).
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IAA*

Oxidase

Catalase
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+
6.7
8.4
10.3
13.9
10.1
8.42
10.2
10.7
13.1
11.6
11.7
17.5
12.7
11.5
-

+
-

Resistant to
antibiotic

Very short rods
Very short rods
Very short rods
Thin rods
Small rods
Short rods
Very short rods
Rods
Short rods
Short rods
Long rods
Short rod
Small rods
Small rods
Long rods
Short rod
Long rods
Very short Rods
Short Rods
Very short rods
Rods

Cell Shape

White
Yellow
Yellow
Off-white
Off-white
Off-white
Off-white
Off-white
Off-white
Off-white
Off-white
Off-white
Off-white
Off-white
Off-white
Yellow
White
White
White
White
Off-white

Colony
colure
on LB
agar

Reaction on
BTB medium
Alkali
- - + - - - + - - + + + + + + + + - - - -

Acidic
+ + - + + + - + + - - - - - - - - + + + +

Gram’s reaction - + + - - - - + - + - - - - - - - + - - -

Amp.
- + - - - - - - - - - - - - - + - - - - -

Neo.
- - - - - - - - - - - - - + - + - + - + -

Gent.
- - - - - -

Strep.
- + - - + + - - - + - - + - - + - + - + - - - - + - + - + - + -

*Indole acetic acid (IAA), Phosphate-solubilization and Zn Solubilization checked at 100 mM NaCl concentration;
Strep=Streptomycin 10µg/mL, Gent=Gentamycin 10µg/mL, Neo=Neomycin 30µg/mL, Amp=Ampicillin 10µg/mL
+= The character/reaction is present; - = The character/reaction is absent; BTB-medium=LB supplemented with Bromothyml blue

+
+
+
+
+
+
+
+
+
+
+
+
+
+

ACC deaminase

186.6
151.7
197.2
186.6
348.3
248.3
295.1
411.5
167.46
_
118.5
9.33

P**

+
+
+
+
+
+
+
+
+
+
+
+
+

Zn**

+
+
+
+
+
+
+
+
+
+
+
+
+
+

Solubilization
of

Growth on
medium

Alkaliphilic
Halophilic
Motility

SAL-1
SAL-2
SAL-3
SAL-4
SAL-5
SAL-6
SAL-7
SAL-8
SAL-9
SAL-10
SAL-11
SAL-12
SAL-13
SAL-14
SAL-16
SAL-17
SAL-18
SAL-19
SAL-20
SAL-21
SAL-22

Isolate

Production of

Supplementary Table 1: Phenotypic characteristics of bacterial isolates from wheat rhizosphere soil investigated in this study
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- - - - - - - - - - + + - - + - - - - + -

- - - + - - - - - - + + + - + + + - - + -

+ + + + + + - - - - + + + + + + - + + + +
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Figure 1(A): Growth (optical density) of bacteria in LB-medium supplemented with NaCl (600 mM)

Figure 1(B): Plate assay showing solubilization of inorganic phosphate on Pikoviskaya ‘s agar plate containing 300
mM NaCl (A) and Zn-solubilization on LGI medium containing 100mN NaCl by different bacteria

Bioassays and identification of potential halotolerant PGPR
The bacteria containing multiple traits or a consortium of
bacteria having a blend of different plant growth promoting
(PGP) traits is more beneficial as it can compensate multiple
growth requirements of plants. Of 21 tested isolates, 12
bacterial isolates showed IAA production (Table S1) of which
SAL-17 showed IAA production up to 400 mM salt while 13
isolates showed ACC-deaminase activity of which six isolates
showed ACC-deaminase activity up to 300 mM NaCl.
Production of IAA and ACC-deaminase was found to be a
widespread phenomenon among the bacterial isolates screened
from BSRS-II environment both traits are important mediators
for stress tolerance and stimulate root growth in a coordinated
fashion (Li, 2000). Indole acetic acid promotes root growth by

increasing number and length of adventitious root that lead to
enhanced nutrient uptake (Majeed et al., 2015; Naqqash et al.,
2016) especially in saline soil (Orhan, 2016). The ACCdeaminase significantly reduces the level of plant hormone
‘ethylene’ (Glick, 2005) that consequently improves the stress
tolerance of crop plants (Mayak et al., 2004; Bianco and
Defez, 2009, 2012). The IAA production and ACC-deaminase
activity of isolates up to 400mM of NaCl shows the stability of
these traits in BSRS-II isolates. Auxin production of
Azospirillum brasilense spp. is reported up to 200 mM (Nabti
et al., 2007) but our strains showed higher tolerance and IAA
production up to 300 mM which makes them candidate of
choice for biofertilizer production for salt-affected soils.
Phosphate
solubilizing
and
nitrogen
fixing
microorganisms provide bio-available phosphate and nitrogen
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for plant growth and are vital traits for biofertilizer
production. Of 21 tested isolates, 14 isolates showed Psolubilization of which eight showed P-solubilization up to
300 mM NaCl (Figure 1B); SAL-12 solubilized insoluble
zinc at 0 mM salt. Many BSRS-II isolates showed Psolubilization ability up to 300 mM NaCl. The difference in
relative increase (in root length, shoot length, root area) by
bacterial inoculation with and without TCP shows the
mobilization/utilization of TCP by inoculated consortium.
Aeromonas spp. from rhizosphere of chickpea, mustard and
wheat with P-solubilization ability have been reported by
Kundu et al. (2009). We could not obtain any diazotroph
from BSRSII environment due to higher levels of salts

present in the soil as high salinity and pH drastically affect
the nitrogenase activity of bacteria (Dicker and Smith,
1981; Moradi, 2011).
Partial 16S rRNA gene sequences of SAL-12 (1279 bp)
showed 98% homology to the un-cultured Aeromonas sp.
clone SS36E121 (GU356308), SAL-16 (859 bp) showed
97% homology to A. salmonicida sp., SAL-17 (1414 bp)
showed 99% sequence homology to the A. salmonicida
strain AF-1 (KU359246) and SAL-21 (1411bp) showed
99% homologies to uncultured bacterium clone 740
(FR853630) and A. salmonicida strain AF-1 (KU359246).
These sequences were submitted to Gen Bank under

Figure 2: Representation of shoot and root growth (a) and response of plant fresh weight (b), root length (c), root
dry weight (d) and root area (e) under the influence of PGPR inoculation and NaCl salinity treatments
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following accessions: HG763856 (SAL-12), HE573182
(SAL-16), HG763857 (SAL-17), HG763858 (SAL-21).
Although regarded as pathogen, the genus Aeromonas
occupies a wide variety of ecological niches and is a
frequent soil inhabitant including rice rhizosphere in
saline (Organo et al., 2014) and non-saline soils (Mehnaz
et al., 2001). Being ubiquitous in nature, opportunistic
pathogens are present in rhizosphere, but the plant root
colonization potential of pathogenic strains is very poor as
compared to beneficial PGPR (Egamberdieva and
Kucharova, 2009). Successful root colonization of
aermomonad- consortium on wheat shows the adaptability
and selective advantage of inoculated bacteria in saline
and non-saline environment.

Plant inoculation assays
Inoculation response and root colonization
under induced salinity and P-mobilization
Since bacteria were isolated from saline soil, and few
of them even exhibited halophilic character (upto 65 g L-1)
therefore, their potential for growth response on wheat
under induced salinity was evaluated. The PGPRconsortium significantly promoted the growth of wheat
under normal as well as induced salinity. The root and
shoot growth of inoculated plants was better (Figure 2a)
with an increase of 48% in plant fresh weight (Figure 2b),
181% in root length (Figure 2c), and 32% in root dry
weight (Figure 2d) in non-saline conditions. Under salinity,
the relative increase was 22% in plant fresh weight and
63% in root length which was significantly higher than the
non-inoculated control.
Moreover, the root area of inoculated plants increased
significantly as compared to non-inoculated plants (Figure
2e) both with and without salinity. This response may be
attributed to bacterial IAA and ACC-deaminase traits
present in the inoculated bacteria. Under salinity stress,
release of additional (bacterial) auxin could help to
maintain root growth, increase water use efficiency under
stress (Zahir et al., 2007) and leaf growth (Albacete et al.,
2008; Egamberdieva, 2009). A direct correlation has been
reported in chickpea seedlings between in vitro bacterial
ACC-deaminase activity and root growth together with
increased number of lateral roots, root length, and root dry
weight (Shahzad et al., 2010) showing that ACC-deaminase
not only ameliorates salt stress but stimulate shoot/root
growth.
Inoculated bacteria were present on the root surface
attached to the root hair and in the close vicinity of the root
epidermal cells (Figure 3b, c) both in saline and non-saline
conditions. The development of root hair was clearly seen
on the root surface.

Figure 3: Confocal micrographs of sand-grown wheat
roots from non-inoculated control plant (A)
compared to plant roots inoculated with PGPRconsortium without salt supplementation (B)
and plant roots inoculated with PGPRconsortium with salt supplementation(C) white
arrows indicate the presence of inoculated
bacteria. The roots were stained with acridine
orange
and
observed
under
confocal
microscope.
RH= root hair, Bar represent 10µm.
P-solubilization experiment showed a significant
response of bacterial inoculum as well as the ability of
bacterial inoculum to mobilize/utilize the inorganic P (TCP)
in the rhizosphere. Generally, PGPR-inoculated plants were
healthier and taller (Figure 4a) and inoculation significantly
increased root length (82 and 71%), shoot length (17 and
12.6%) and root area (42 and 31%) of wheat with and
without TCP, respectively (Figure 4b, c).

Inoculation response under natural salinity in
field
The halo-tolerant PGPR-consortium showed a
significant potential to promote wheat growth at seedling,
vegetative and maturity stage under normal conditions,
induced salinity and natural salinity (BSRS-II) with reduced
fertilizer (1/2 NPK). The root and shoot growth of
inoculated plants was better and roots were highly
proliferated, although seed germination and early seedling
growth are considered as most salt-sensitive plant growth
stages (Rahman et al., 2000; Jamil et al., 2006) causing a
significant decrease in shoot and root length in wheat
(Egamberdieva, 2009). Halo-tolerant PGPR-consortium
showed a stable and significant growth promoting response
(p < 0.05; Figure 5) for both years. Response was evaluated
based upon relative increase (RI) in inoculated plants
compared to un-inoculated plants. BioPower-inoculated
plants showed a relative increase of 54/33% in shoot/root
length and 29/36% in shoot/root biomass whereas halotolerant PGPR inoculated plants showed relative increase of
60/36% in shoot/root length and 44/64% for shoot/root

Soil Environ. 37(2): xx-xx, 2018
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Figure 4: Representation of plant growth (a) and response of shoot length, root length (b), and root area (c) under
the influence of PGPR inoculation and TCP-treatments
Different upper-case letters indicate significant differences between means of treatments. Means were compared at α = 0.05 (LSD). The
standard error of the means is represented as bars.

biomass. This shows the effectiveness of halo-tolerant
PGPR over non-halo-tolerant PGPR (BioPower). Similarly,
increase in grain weight (8.8 & 5.7%) and yield (73 & 50%)
was more in halo-tolerant PGPR in two years than increase

Soil Environ. 37(2): xx-xx, 2018

in BioPower inoculated plants which further validated the
effectiveness of this inoculum for saline soil. A positive
correlation was observed between plant height & biomass
(r= 0.964**), plant height & grain weight (r=0.84**),
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Figure 5: Effect of halo tolerant PGPR consortium on grain yield, grain weight and biomass of wheat variety TJ83 at Biosaline Research Station II under natural saline condition in year 2008-2009 and 2009-2010
The values are means of three biological replicates. Comparison between treatments was carried out by one-way analysis of variance
(ANOVA). Values followed by different letters (a, b, c) are significantly different from each other at 5% level of significance.

biomass & grain weight (r=0.924**) for the year 2009 and
shoot length to grain weight (r=0.741) and biomass to grain
yield (r=0.868) for the year 2010. A linear regression model
effectively modeled the response of grain weight to plant
biomass after bacterial inoculation treatment (R2=0.853)
explaining more than 85% of the variance in the data. The
positive impact of halo-tolerant PGPR was significantly
higher as compared to BioPower suggesting that the salttolerance trait has been co-evolved with PGP traits in saline
environment and salinity does not interfere and/or alter the
beneficial functioning of these microbes; the capability
which was lacking in the BioPower. Although growth and
yield increase by PGPR inoculation has been reported in
wheat under normal (Majeed et al., 2015; Egamberdieva,
2009; Hussain and Hasnain, 2011; Khalid et al., 2004) and
saline conditions (Rajput et al., 2013; Orhan, 2016) but an
Aeromonas-based halo-tolerant inoculum with multiple
plant growth promoting traits has not been reported.
The Bio-saline Research Station II since last three
decades has served as demonstration site for Biosaline
Agriculture Technology for stakeholders both at national
and international levels. The selection and subsequent use
of halo-tolerant PGPR with multiple beneficial activities
will serve as an important tool for the facilitation of

sustainable agriculture in this environment due to economic
feasibility and ecological safety aspects of this technology.
The PGPR-based interventions may make the ecosystem
rehabilitation efforts economically feasible on a selfsustained basis. Future studies may be directed to elucidate
the role of other related factors e.g., drought in determining
the host-microbe interactions, adaptability and activities of
PGPR in this saline stressed environment.

Conclusions
The findings of present study provide sustainable
solution for rehabilitation of saline ecosystems through the
cultivation of plants by inoculating them with salt-tolerant
PGPR inoculum. The study has shown that PGPR with
multiple plant beneficial traits can not only withstand
salinity but facilitate plant growth at high salt
concentration. The consortium of halo tolerant Aeromonas
spp. strains having IAA production, ACC-deaminase
activity and P-/Zn-solubilizing abilities, outcompeted in
terms of plant growth, biomass production and grain yield
of wheat with ½ NPK fertilizer. Based on these results, this
halo tolerant PGPR-consortium may be recommended as
saline biofertilizer for the facilitation of wheat growth in
saline environments with lesser input of chemical fertilizer.
Furthermore, the inoculum may be safely used as
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biofertilizer in non-saline soils for wheat farming with
reduced application of chemical fertilizer.
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